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au6t be exercis d to nsur that th cur d cixcesB 
sat rial 61 d s not Int rf er with the de& Iding 
process, and to ensure that the lens is not damaged 
during release • 

Figures 18 and 19 show an alternative configuration 
for posterior mold 21 which is particularly suited 
for dry release of lens 72. As shown in Figure 18, 
posterior nold 21 includes retaining neans for 
retaining the cured excess 61, the retaining aeans 
being in the form of groove 75 at a point adjacent 
annulus 47 and in the area of receptacle 59. As 
shown in Figures 18 and 19, groove 75 becomes filled 
with excess lens material while the lens material is 
in the liquid or semi-liquid state. When the lens 
material is cured, groove 75 retains the cured 
excess material thereby to ensure that the excess is 
retained with the posterior mold 21 during the 
disassembly step (step S9). Advantageously, this 
ensures that the cured excess material does not 
interfere with the lens demolding process, whether 
that process is performed through hydration or 
through dry release. 

flhile Figures 18 and 19 depict the retaining means 
as a groove, other forms are possible. Thus, the 
retaining means may take the form of plural holes in 
posterior mold 21, or a foot extending from 
posterior mold 21 into receptacle 59, or simply a 
roughened surface texture for the posterior mold. 
Likewise, if it is desired for the cured lens to 
remain with the posterior mold rather than the 
anterior mold, then retaining means may be provided 
on the anterior mold instead* 
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Figure 20 lUustrat s a first alternative eabodiaent 

f the inv ntion in vhich centering » ans is 
provided by vertically extending cylindrical vails 
24' and 44*. in all other respects, the embodiment 
of Figure 20 is substantially similar to that 
described above and a detailed discussion thereof is 
omitted for the sake of brevity. 

Figures 21 to 24 illustrate a second alternative 
«abodiment of the present invention which uses a 
taper-lock clamping means i*erein it is not 
necessary to externally clamp the assembled mold 
during curing. Superficially, the embodiment of 
Figures 20 tiirough 23 resembles that of Figures 1 
through 19 and accordingly similar reference numbers 
have been used. Thus, in Figure 21, posterior mold 
121 includes upstanding cylindrical shell 126, top 
flat 127, the reverse side 129 of posterior mold 
cavity defining surface 146, shoulder 140, taper 
144 reverse 145, posterior mold defining surface 
146] and annulus 147. Anterior mold 120 includes 
cylindrical base 122, tapered head 124, anterior 
mold cavity defining surface 125, inwardly sloping 
area 149, collar 150, receptacle forming area 151, 
rim 152, and right cylindrical wall 154. 

Ift this embodiments flanges 156 and 157 are provided 
for posterior mold 121 and anterior mold 120, 
respectively, such flanges increase the rigidity of 
the mold sections and facilitate mechanical 
wmipulation and may, accordingly, also be used in 
other of the above-described embodiments. 

In Figure 21, the taper angle for tapers 144 and 
124, and the relativ diameters of the molds in the 
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r gi n f tapers 124 and 144, are s lected so that 
the anterior and posterior nolds lock together under 
ac±lon of the taper. Thus, for example, taper 144 
is selected at an single of 2 1/2 degrees froa 
vertical while taper 124 is selected at an angle of 
3 degrees from vertical. Accordingly, as shown in 
Figure 22, the inner axtreaity of base 141 initially 
contacts the surface of taper 124 at a point 158 
before ria 152 contacts annulus 147. Further 
downward travel of posterior aold 121 with respect 
to anterior aold 120 causeis the ria 152 to seat 
against annulus 147 and causes tapers 124 and 144 to 
lock relative to each other, as shown in Figure 23. 
In the preferred embodiment, lock is achieved after 
a downward travel, or "taper interference," of about 
75 microns. The downward and outward compressive 
forces caused by the locking action of the tapers 
cause cylindrical shell 126 to pivot outward airound 
shoulder 140 thereby generating a downward sealing 
force. Straightforward analysis, for example, 
finite element methods, yields the amount of taper 
lock compressive force needed to generate a downward 
sealing force equivalent to that in the case of the 
first embodiment. In the embodiment illustrated in 
Figure 21 through 24, it has been found that 15 to 
25 poxinds of closure force yields a 35 pound sealing 
or claoqping force and ensures that the aold sections 
are locked. 

In like manner to that in the first embodiment, the 
assembled aold with lens aaterial 160 in place is 
subjected to curing. The combination of the sealing 
force generated by downward and outward compressive 
forces from the taper lock with the vacuum force 
caus d by shrinkage is ad guate to ensure that rim 
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152 and aimulus 147 are relativ ly d f no d so as t 
accemmodate ahrinlcage during curing. Accordingly, 
clausing asseablies aay be eliminated although they 
■ay, of courae, still be used- It has been found 
that after curing, surface 140 and flange 156 tend 
to pivot upward around shoulder 140 , as shown by the 
^ot, dash line in Figure 24, in an apparent raaction 
±o the relative deformation of rim 152 and annulus 
147. 

After curing, steps S9 through S12 of Figure 7 are 
performed as before with respect to the first 
embodiment of the invention imereby a lens having a 
finished edge with any desired shape may be formed. 

The foregoing has been provided so that the nature 
of the invention may be understood easily. It 
should, however, be apparent that modifications of 
the foregoing embodiments may be made without 
departing from the nature and scope of the 
invention. For example, it is possible to provide 
the first described embodiment of the invention with 
unequal taper angles for tapers 24 and 44 since 
these tapers are intended simply to provide 
alignment and centering and not necessarily to 
provide any taper lock force as in the second 
alternative embodiment. It is also possible to 
provide the second alternative embodiment with 
retaining means such as that described above with 
respect to the first embodiment. Accordingly, the 
scope of the invention should not be limited to the 
specifics described above but instead should be 
»easured with respect to the appended claims. 



wo 93/04848 



- 25 - 



PCr/US92/07243 



tm&T TS CTATMED TSi 

1. A lens Bolding nethod coa^rising the st^s 

of: 

depositing lens naterial in a first sold 

sectira; 

seating a second aold section adjacent the 
first a»ld section so as to define a mold cavity 
sealed at thB edge thereof, with excess lens 
aaterial being received adjacent the seal; 

curing the lens naterial from a liquid or 
semi-liquid state to a solid or semi-solid state; 

accommodating, during said curing step, 
shrinkage in the lens material by relatively 
deforming a rim of one of said first and second mold 
sections and a def ormable mating surface on the 
other of said first and second mold sections; 

forming the lens edge at the point of 
deformation of the rim and the mating surface. 

2. A method according to Claim I, wherein the 
amount of lens material deposited in said depositing 
step is metered such that excess lens material is 
deposited in the first mold section. 

3. The method of claim 1 vherein the excess 
lens material is confined adjacent to the seal by a 
confining means. 

4. A method according to Claim 1, further 
comprising the step of clamping said first and 
second mold sections during said curing step. 
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5. Thentbod f claiB 4 wh r i» the clai«ping 
force iB sufficient to seal tbe »old cavity without 
excessive deforn&kion* 

6. The aethod of claia 5 wherein the clwBping 
force 18 within the range of about 20-40 pounds. 

7. !rhe aethod of claim 4 wherein the first and 
second aold sections are clamped by external 
clashing means. 

8 The method of claim 7 wherein the clamping 
force is maintained at a constant level throughout 
curing of the lens material. 

9. Tbe method of claim 4 wherein the first and 
seeond mold sections are clamped by taper-lock 
clamping means. 

10. A method according to Claim 1, further 
comprising the step of disassembling the first and 
second mold sections such that the cured lens 
remains with one of said first and second mold 
sections. 

11. The method of claim 10 wherein the mold 
section^ are formed from different materials such 
that the cured lens preferentially remains on one of 
the mold sections after disassembly of the mold 
sections. 

12. A method according to Claim 10, wherein 
excess lens material is retained in the other of 
said first and sec nd mold s cti ns. 
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13. A a th d according to Claim 10, further 
conprising th et p f toydrating the » Id d lens. 

14. A aethod according to Claim 1# further 
comprising the step of centering the first aold 
section with respect to the second mold section 
during said seating st^. 

15. A method according to Claim 14, wherein 
said centering step comprises the step of inserting 
a generally cylindrical shell of one of said first 
and second mold sections into a correspondingly 
shaped generally cylindrical shell of the other of 
said first and second mold section. 

16. A method according to Claim 15, vherein 
the cylindrical shells are tapered and the tapers 
are substantially equal. 

17. A method according to Claim 15, vherein 
the cylindrical shells are tapered and the tapers 
are different.. 

18. A method according to Claim 10, wherein 
the rim is defined by the comer of a right 
cylindrical wall in the mold cavity. 

19. A contact lens made according to the 
method of any one of Claims 1 to 18. 

20. A mold sjection for molding a lens, said 
mold section comprising a rigid, generally spherical 
mold cavity defining surface that includes a central 
optical zone, said mold section having a reversely 
angl d d formable mating surfac adjacent the mold 
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cavity d fining surfa and c ntering » ans 
depending herefrom. 

21. A »old section according to Claim 20, 
further including a pressure receiving surface for 
receiving claaping pressure and distributing the 
pressure unifemly* 

22. A mold section according to Claim 20, 
vherein said centering means comprises a shoulder 
depending from said deformahle mating surface and a 
generally cylindrical shell. 

23. A mold section according to Claim 22, 
wherein said cylindrical shell is tapered. 

24. A mold section according to Claim 20, 
herein said def ormahle mating surface comprises an 
annulus. 

25. A mold section according to Claim 24, 
vherein said annulus is radiused. 

26. A mold section according to Claim 20, 
vherein said mold section is constructed of a 
material having a hardness of approximately from 
Shore D 50 to Rockwell M 110. 

27. A mold Section according to Claim 26, 
wherein said mold section is constructed of a 
material having a hardness of approximately from 
Shore O 65 to JRoclcwell M 65. 
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28. A siold sect! n according to CXaim 27, 
vberein said mold section is forned from 
polypropyl^e • 

29. A mold section for molding a lens, said 
ttold section comprising a rigid, generally spherical 
mold cavity defining surface having a central 
optical zone, said mold cavity defining surface 
including a right cylindrical wall whose comer 
defines a rim at the periphery of the mold cavity 
defining surface, and depending centering means. 

30. A mold according to Claim 29 further 
comprising a collar surrounding the rim. 

31. A mold section according to Claim 29, 
wherein said centering means comprises a generally 
cylindrical base and a tapered head. 

32. A mold section according to Claim 29, 
wherein said mold is formed of a material having a 
hardness of approximately from Shore D 70 to 
Roclctfell M 120. 

33. A mold section according to Claim 32, 
wherein said mold is formed of a material having a 
hardness of approximately from Shore D 80 to 
Rockvell H 110. 

34. A mold section according to Claim 33, 
wherein said mold section is formed of FVC. 

35. A mold assembly comprising: 

first and second mold sections having 
respective first and s cond mold cavity defining 
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surfaces, said first aold cavity d fining surfac 
tenainating in an encircling peripheral rim and said 
second aold cavity defining surface terminating in a 
deforaable peripheral mating surface disposed at a 
diameter that corresponds to said peripheral rial 
find 

cooperating ciantering means provided for 
•a6b of aaid first and second mold sections, 

36. K mold assembly according to Claim 35/ 
vherein said mating surface is an annulus. 

37. A mold assembly according to Claim 36, 
wherein said annulus is radiused. 

38. A mold assembly according Claim 35, 
wherein said first mold section is formed of a 
material different from said second mold section. 

39. A mold assembly accordingly to Claim 38, 
wherein said second mold section has a hardness of 
approximately from shore D 50 to Rockwell M 110 end 
said first mold section has a hardness of 
approximately from Shore D 70 to Rockwell M 120. 

40. A mold assembly according to Claim 39, 
wherein said second mold section has a hardness of 
approximately from Shora D 65 to Rockwell M 65 and 
said first mold section has a hardness of 
approximately from Shore P BO to Rockwell M 110. 

41. A mold assembly according to Claim 40, 
wherein' said second mold section has a hardness of 
appr ximately Shor D 75 and said first mold s ction 
has a hardn ss of appr ximat ly Shore D 87. 
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42. A aold assenbly according to Claim 35, 
lAierein said centering means includes a first 
cylindrical shell depending from said rim and a 
•econd cylindrical shell engagable with the first 
cylindrical shell depending from said mating 
surface. 

43. K mold assenbly according to Claim 42, 
wherein said first and second cylindrical shells are 
tapered. 

44. A mold assembly according to Claim 43, 
wherein said first and second cylindrical shells 
have the same taper. 

45. A mold assembly according to Claim 43, 
wherein the tapers lock the first and second mold 
sections. 

46. A mold assembly according to Claim 42, 
wherein the cylindrical shell of one of said first 
and second mold section has a stepped diameter and 
the other of said first and second mold sections has 
an inwardly sloped surface adapted to interact with 
the stepped diameter. 

47. A mold assembly according to Claim 35, 
therein said mating surface is reversely angled from 
said second mold cavity defining surface. 

48. A mold assembly according to Claim 35, 
wherein said first and second mold cavity defining 
surfac s define a rigid mold cavity having a central 

ptical zon . 
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49. A mold asseably according to Claim 35, 
wherein one of said first and second mold sections 
has greater affinity for cured lens forming material 
than that of the other. 

50. A mold assenbly according to claim 49, 
wherein one of said first and second mold sections 
includes confining means. 

51. A mold assenbly according to Claim 49, 
therein the other of said first and second mold 
sections includes retaining means. 

52. A mold assembly according to Claim 49, 
wherein said one of said first and second mold 
sections having greater affinity is formed from P7C 
and the other of said f i*st and second mold sections 
is formed from polypropylene. 

53. A mold assenbly according to Claim 35, 
wherein'said first mold section further comprises a 
collar surrounding the peripheral rim. 

54. A mold assembly c:omprising: 

an anterior mold having a rigid anterior 
Bold cavity defining surface whicSh terminates in an 
encircling peripheral rim defined the comer of a 
right cylindrical wall and an outwardly extending 

flange; and 

a posterior mold having a rigid posterior 

aold cavity defining surface which terminates in a 
reversely angled deformable peripheral annulus that 
is disposed at a diameter that corresponds ta said 
peri^eral rim; 



wherein a rigid mold cavity is defined by 
said anterior and posterior mold cavity defining 
siirfaces, said sold cavity having a generally 
spherical surface including a central optical sone; 
and 

i^erein said posterior mold has a hardness 
of approximately from Shore. D 50 to Rockwell M 110 
and said anterior sold l&as a hardness of 
approximately from Shore D 70 to Rockwell M 120* 

55. A mold assembly according to Claim 54, 
wherein said anntilus is radiused. 

56. A mold assembly according to Claim 54, 
wherein said posterior mold is relatively more 
deformable than said anterior mold. 

57 • A mold assembly according Claim 56, 
wherein said posterior mold is formed of a material 
different from said anterior mold. 

SB. A mold assembly according to Claim 54, 
wherein said posterior mold has a hardness of 
approximately from Shore D 65 to Rockwell M 65 and 
said anterior mold has a hardness of approximately 
from Shore D 80 to Rockwell H 110. 

59. A mold assembly according to Claim 58, 
wherein said posterior mold has a hardness of 
approximately Shore D 75 and said anterior mold has 
a hardness of approximately Shore D 87. 

60. A iBold assembly according to Claim 54, 
further comprising complementary centering means 
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respectively provid d f r each of said p steri r and 
anterior aolds. 

61. A nold assembly according to Claim 60, 
wherein said centering means includes a first 
cylindrical shell depending from said rim and a 
second cylindrical sHell engagable with the first 
cylindrical sheU and depending from said annulus. 

62. A mold assembly according to Claim 61, 
Wherein said first and second cylindrical shells are 
tapered. 

63. A mold assembly according to Claim 62, 
wherein'said first and second cylindrical shells 
have the same taper. 

64 . A mold assembly according to claim 62, 
wherein the tapers lock the posterior and anterior 
molds. 

65. A mold assembly according to Claim 61, 
,rtierein'the cylindrical shell of one of said 
posterior and anterior molds has a stepped diameter 
and the other of said posterior and anterior molds 
has an inwardly sloping surface adapted to interact 
with the stepped diameter. 

66. A mold assembly according to Claim 54, 
wherein* said annulus is reversely angled from said 
posterior mold cavity defining surface. 

67. A mold assembly according to Claim 54, 
whereift ne of said anterior and p sterior m Ids has 
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great r affinity for cured lens forming a material 
than that of the other. 

68* A mold assembly according to claim 67 
vberein the one of said first and second mold 
sections includes confining means. 

69. A mold assembly according to Claim 67, 
vherein the other of said first and second mold 
sections includes retaining means. 

70. A mold assembly according to Claim 69, 
vherein said one of said anterior and posterior 
molds having greater affinity is formed from PVC and 
the other of said anterior and posterior molds is 
formed from polypropylene. 
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